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Abstract: Numerous factors may contribute to high-severity crashes in highway work zones. Identifying these factors and then allevi-
ating their impact is a challenging task that traffic engineers and researchers have to confront. In this study, the work zone risk factors that
could increase the probability of causing fatalities when severe crashes occur were examined using a comprehensive approach. The
researchers first identified the significant risk factors based on a screening process that incorporates both statistical analyses and empirical
research findings. They then systematically investigated these factors using logistic regression and frequency analysis techniques. The
severe crashes including the fatal crashes between 1998 and 2004 and injury crashes between 2003 and 2004 in Kansas highway work
zones were used in the study. The assessed risk factors included variables describing driver characteristics, environmental conditions,
crash road conditions, and other crash information. The results of this study will help traffic engineers to understand these risk factors and
how the factors could increase the likelihood of having fatalities when a severe crash occurs in a work zone. Consequently, effective safety
countermeasures may be designed at the work zone planning and installation stages to prevent safety deficiencies.
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As the American highways age, an increasing number of projects
have been funded to preserve, expand, and enhance the existing
system. These projects result in a large number of highway work
zones that interrupt regular traffic flows and create safety con-
cerns. Improving safety without sacrificing the main function of
highways in work zones has become a challenging task that traffic
engineers and researchers have to confront. Nationally, significant
attention has been devoted to work zone safety. Provisions on
highway work zone safety and related issues have been included
in the Safe, Accountable, Flexible, Efficient Transportation Equity
Act: A Legacy for Users FHWA 2007.
Work zone safety is affected by a large variety of risk factors
and many of them are not fully understood. Comprehensive
knowledge of the risk factors discovered from crash data are criti-
cal for reducing risk levels and preventing severe crashes in work
zones. In this study, the researchers examined a wide range of
crash variables describing work zone settings, environmental con-
ditions, driver characteristics, and crash information based on
Kansas work zone crash data. Through the examination, the risk
factors that could lead to high-severity crashes injury and/or fatal
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quantified.
The data analyses in this study involved two major steps. First,
Chi-square statistics, Cochran-Mantel-Haenszel CMH statistics,
and relevant historical findings were used to identify significant
risk factors in work zones based on crash data from Kansas. Then,
the impact of these risk factors on crash severity was investigated
using frequency analyses and logistic regression statistics. The
outcome knowledge will help traffic engineers to better under-
stand the risk factors and how they could increase the likelihood
of having fatalities when a severe crash occurs in a work zone.
With this knowledge, more effective safety countermeasures may
be developed during work zone planning and installation to better
prevent safety deficiencies.
Literature Review
Work zone safety has been a research focus for decades and many
publications are available on work zone crash characteristics and
traffic control effectiveness. Among the crash risk analyses docu-
mented in literature, many focused on various types of nonwork
zone crashes. The researchers did not find in-depth analyses that
assessed the impact of individual risk factors on work zone crash
severity based on injury and fatal crashes. Nevertheless, some
relevant studies and their findings are briefly summarized as fol-
lows.
Harb et al. 2008 analyzed work zone crashes on Florida free-
ways using multiple and conditional logistic regression methods
in an effort to identify risk factors in freeway work zones. The
study indicated that factors including roadway geometry, weather
condition, age, gender, lighting condition, residence code, and
influence of alcohol/drugs could increase crash risk in freeway
work zones. A few crash characteristic studies indicated that a
number of human errors, such as following too close, inattentive
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driving, and misjudging, could increase the risk of work zone
crashes Mohan and Gautam 2002, Chambless et al. 2002; Daniel
et al. 2000. Some studies also indicated that speeding Garber
and Zhao 2002 and inefficient traffic control Ha and Nemeth
1995 were two other factors contributing to crashes in work
zones. Adverse environmental and road surface conditions, how-
ever, did not contribute more to work zone crashes than to non-
work zone crashes when comparing their characteristics Garber
and Woo 1990.
This study used logistic regression technique to assess the im-
pact of work zone risk factors. The significance of this technique
in traffic safety-related studies has been recognized for years. For
example, Li and Bai 2008a, 2009 used this technique in the
analysis of traffic control devices and overall risk level in work
zones. Applications of this technique in the analyses of nonwork
zone crashes were found in a number of studies Lu et al. 2006;
Chang and Yeh 2006. In addition, Dissanayake and Lu 2002
used sequential binary logistic regression to analyze the contrib-
uting factors of single-vehicle, fixed-object crashes involving
young drivers and found that factors including restraint device
usage and being a male clearly reduced the tendency of high
severity.
Data Description
This study focused on the severe crashes including 85 fatal
crashes between 1998 and 2004 and 620 injury crashes between
2003 and 2004 in Kansas highway work zones, as shown in Table
1. Including the fatal cases between 1998 and 2002 enriched the
fatal crash information and minimized the analysis error caused
by data sparseness. The crash data were obtained from the Kansas
Department of Transportation KDOT database. The researchers
identified the at-fault drivers in the original crash data and com-
piled their characteristics and other necessary crash information
into spreadsheets. For the cases with missing or unclear informa-
tion, the original crash reports, including detailed crash scene
descriptions and sketches, were examined to ensure the data ac-
curacy.
The collected crash and related information was organized into
six categories. Each category included various variables with spe-
cific observations. Some low-frequency observations that were
similar in nature were combined into more general observation
groups so that the frequencies of the cross-categorized observa-
tions were increased. The increased data frequencies would re-
duce the errors caused by data sparseness in statistical tests and
logistic regression analyses. Table 2 summarizes the variable cat-
egories, observations, and a preliminary comparison of fatal and
injury crash frequencies.
Work Zone Risk Factor Determination Methodology
The collected crash variables were examined in a comprehensive
manner to identify those that had significant impact on the sever-
Table 1. Fatal and Injury Work Zone Crashes by Year
Year 1998 1999 2000
Number of fatal crashes 9 11 9
Number of injury crashes — — —ity of crashes upon occurrence. An approach combining both sta-
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for the data screening. Chi-square statistics and CMH statistics
were used to ensure the accuracy of risk factor identification.
Briefly introduced below is the mathematical theory of the CMH
statistics.
Cochran-Mantel-Haenszel „CMH… Statistics
The mathematical theory of CMH statistical technique is briefly
introduced herein based on SAS 2004; detailed description of
CMH can be found in Agresti 1996 and example applications in
crash analyses can be found in Chira-Chavala and Mak 1986
and Chen and Jovanis 2000. As in a typical three-way contin-
gency table, suppose the control variable Z has q strata, indexing
each of them by h=1,2 , . . . ,q. Each stratum contains a two-way
contingency table with X representing the test variable and Y
representing the outcome variable. For table h, denote the cell
frequency in row i and column j by nhij, with corresponding row
and column marginal totals denoted by nhi and nhj, and the overall
stratum total by nh. To test the conditional association between X
and Y, the null hypothesis, H0, is that there is no association
between X and Y in any of the strata. Thus, the respective ex-
pected value and covariance matrix of the frequencies are calcu-
lated as






DPh· − Ph·Ph·   DPh· − Ph·Ph· 
where
nhi = nhi1,nhi2, . . . ,nhiC
nh = nh1 ,nh2 , . . . ,nhR 
phi· = nhi/nh
ph·j = nh·j/nh
Ph· = ph1·,ph2·, . . . ,phR·
Ph = ph·1,ph·2, . . . ,ph·C
and  =Kronecker product multiplication and Da=diagonal ma-
trix with elements of a on the main diagonal.
Given the expected value and covariance matrix of the fre-




G =  Bhnh − mh
2001 2002 2003 2004 Total
13 14 11 18 85
— — 283 337 620h
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Table 2. Data Categories, Variables, and Crash Frequencies
Category Variable Observation Fatal crash frequency Injury crash frequency







Gender Male 75.3% 64.2%
Female 24.7% 35.8%
Time Time of day Morning peak hours: 6:00–10:00 14.1% 16.9%
Daytime nonpeak hours: 10:00–16:00 35.3% 36.5%
Afternoon peak hours: 16:00–20:00 16.5% 21.8%
Nighttime: 20:00–6:00 34.1% 24.8%









Light condition Good condition, i.e., daylight 52.9% 68.5%
Fair conditions including dawn, dusk, and dark with
streetlights
15.3% 15.3%
Poor condition, i.e., dark without streetlights 31.8% 15.8%
Other unfavorable light conditions 0.0% 0.3%
Weather condition Good condition, i.e., no adverse conditions 90.6% 87.9%
Poor conditions including rain, mist, drizzle, sleet, snow,




Good condition, i.e., dry surface 89.4% 87.6%
Fair conditions including wet, mud, dirt, sand, and debris 9.4% 11.0%
Poor conditions including snow, slush, ice, and snow packed 1.2% 1.5%
Road conditions Road class Interstates and other freeways and expressways 30.6% 57.3%
Other principal arterials and minor arterials 64.7% 40.8%
Low-classification roads including major collectors, minor
collectors, and local roads
4.7% 1.9%
Road character Straight and level 52.9% 61.6%
Straight on grade 27.1% 22.4%
Curve and level 9.4% 7.3%
Curve on grade 7.1% 6.1%
Other geometric alignments 3.5% 2.6%
Number of lanes Two 62.4% 19.5%
Four 30.6% 46.5%
Six 7.1% 30.8%
Eight or more 0.0% 3.2%
Speed limit 61 mph 56.5% 23.9%
51–60 mph 35.3% 40.8%
41–50 mph 3.5% 8.2%
40 mph 4.7% 24.5%
Crash location Nonintersection areas 64.7% 58.9%
Intersection or intersection related areas 16.5% 17.1%
Other areas including interchange areas, crossover areas, and
other
18.8% 24.0%
Surface type Concrete 27.1% 49.7%
Blacktop 71.8% 49.8%
Other 1.2% 0.5%696 / JOURNAL OF TRANSPORTATION ENGINEERING © ASCE / OCTOBER 2009




and where Bh=Kronecker product of the column scores Ch and
row scores Rh. When the null hypothesis is true, the CMH statistic
has an asymptotic chi-square distribution with degree of freedom
equal to the rank of Bh.
The SAS software outputs three CMH statistics: the nonzero
correlation statistic, the row mean scores statistic, and the general
association statistic. These statistics test the H0 of no association
against different alternative hypotheses H1. The alternative hy-
potheses for these three statistics are
1. The nonzero correlation statistic: there is a linear association
between X and Y in at least one stratum.
2. The row mean scores statistic: for at least one stratum, the
mean scores of the R rows are unequal.
3. The general association statistic: for at least one stratum,
there is some kind of association between X and Y.
Risk Factor Determination Procedure
As shown in Fig. 1, the procedure of identifying work zone risk
factors included three steps.
Step 1. The variables that are statistically associated with crash
severity were selected first as principal risk factors through chi-
square statistics. Pearson chi-square and Likelihood Ratio chi-
square tests were used in this step. A variable was selected when
at least one of the two tests supported its relationship with the





No special feature impact
Special features including bridge
bridge, railroad crossing, interch





































aThe term truck in this study refers to such heavy vehicle types as single
bInattentive driving includes such errors on the KDOT accident reports as
phone,” and “distraction-other electronic devices.”factors selected in this step are listed in Table 3.
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further examined by CMH statistics at 0.05 level of significance
to detect the ones that affected work zone crash severity interac-
tively with the principal risk factors selected in Step 1. The direct
impact of these variables may not strong enough to be statistically
detected through chi-square tests. However, when combined with
other factors, they could yield significant impact and thus need to
be considered when analyzing the principal risk factors. CMH
statistics test the relationships between the unselected variables
and the crash severity outcome in a three-way contingency table
by using the selected risk factors as control variables. The signifi-
























arge trucks, truck and trailers, tractor-trailers, and buses.
sleep,” “inattention,” “other distraction in or on vehicle,” “distraction-cell
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cant variables supported by CMH statistics in this step were also
selected as second-level risk factors, as shown in Table 4.
Step 3. To identify all potential risk factors, the results of the
previous characteristic comparisons between fatal and injury
crashes Li and Bai 2008b were examined. Risk factors that were
identified based on the comparisons yet not detected in the previ-
ous two steps were also selected. As unveiled in the comparison
study, factors including road character, alcohol/drug impairment,
and too fast for conditions/speeding had significant impact on
crash severity outcomes but were not selected in the first two
Table 3. Risk Factors Identified at Step 1
2 test p-value
Variable category Risk factor LRa Pearson
At-fault Driver Age 0.01 0.01
Gender 0.04 0.04
Envir. conditionb Light condition 0.01 0.01
Crash information Vehicle type 0.01 0.01
Road condition Road class 0.01 0.01
Number of lanes 0.01 0.01
Speed limit 0.01 0.01
Surface type 0.01 0.01
Driver error Disregarded traffic control 0.01 0.01
Followed too closely 0.01 0.01
Note: A p-value less than or equal to 0.05 indicates a significant relation-
ship tested by the statistic at 0.05 level of significance and is italic.
aLikelihood ratio.
bEnvironmental condition.
Table 4. Risk Factors Identified at Step 2
Variable Category Second-level risk factor Ass
At-fault driver Crash time Age
Road condition Area information Num
Area information Spe
Note: A p-value less than or equal to 0.05 indicates a significant relation
aNonzero correlation statistic.
bRow mean scores statistic.
cGeneral association statistic.











aSource: FHWA 2005. Highway Statistics 2005, Section III: Drive
www.fhwa.dot.gov/policy/ohim/hs05/driver_licensing.htm Sept. 15, 200
bThe percentages of fatal crashes were calculated as the proportion of fata
instance, during 6:00–10:00, drivers between 15 and 19 years of age caus
this category was 3 / 3+2113%. These percentages are only for compa
crashes considering the different time spans for the two types of crashes.
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this risk determination procedure, 15 out of the 23 variables were
selected as risk factors.
Impact of Work Zone Risk Factors on Crash
Severity
The identified work zone risk factors were studied using fre-
quency analysis and logistic regression methods for their impact
on crash severity. The impact of the work zone risk factors was
assessed by comparing the odds or conditional probabilities of
causing fatalities when a severe crash occurred. The study results
are organized by crash variable categories. These results will ben-
efit work zone traffic control design and provide necessary knowl-
edge for controlling high-risk factors in work zones and
consequently mitigating crash severity.
At-Fault Driver
Both age and gender of the at-fault drivers had significant impact
on the probability of causing fatalities in a severe work zone
crash. The statistical tests showed that crash-time variable could
interactively affect crash severity with the age variable. Listed in
Table 5 are the proportions of fatal crashes by crash time and
at-fault-driver age. Note that these percentages are only for com-
parison purpose and do not reflect the true proportions because of
the different time scopes of fatal and injury crashes. Comparisons
showed that drivers older than 64 years of age and drivers aged
between 35–44 generally had higher probabilities of causing fatal
crashes in each time period. In particular, a large proportion of the
CMH p-value
risk factor NCa bRMS cGA
0.05 0.05 0.04
f lanes 0.01 0.01 0.01
it 0.01 0.01 0.01











ensing. Federal Highway Administration, Washington D.C., http://
es in the total severe crashes fatal and injury of each category cell. For
tal crashes and 21 injury crashes. Thus, the corresponding percentage for
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severe crashes that were caused by senior drivers 65 during
afternoon peak hours 16:00–20:00 involved fatalities. The com-
parisons generally implied that being a driver between 35 and 44
or older than 64 could increase the risk of causing fatalities when
a severe crash occurred. Table 5 also included the percentages of
the licensed drivers in Kansas by age.
In term of driver gender, the following logistic regression
equation was developed:
logitCRASH _ SEVERITY = FatalGENDER	
= − 1.30 − 0.53 GENDER
According to this equation, the odds ratio between a fatal crash
caused by a male driver and a fatal crash caused by a female
driver was 1.70. In another word, the odds of involving fatalities
in a severe crash caused by a male driver were 1.7 times as high
as those for a severe crash caused by a female driver.
Environmental Condition
Statistical tests showed that light condition was a risk factor af-
fecting crash severity. By comparing the proportions of fatal
crashes among the total severe crashes occurred in different light
conditions, Fig. 2 clearly illustrates that poor light conditions con-
tributed to a much larger percent of fatal crashes, which indicates
that poor light conditions could increase the probability of caus-
ing fatalities when a severe crash occurred. In this analysis, good
light condition refers to the daylight condition, fair condition re-
fers to the dawn, dusk, or dark-with-streetlights condition, and
poor condition refers to the dark-without-streetlights condition.
Crash Information
Statistical tests showed that vehicle type was directly related to
the severity of crashes. The following logistic regression equation
was developed to model the conditional probability of causing
fatalities in a severe crash in terms of vehicle type:
logitCRASH _ SEVERITY = FatalVEHICLE _ TYPE	
= 0.41 − 1.39 VEHICLE _ TYPE
The ratio of the odds of causing fatalities in a truck-involved
severe crash and the odds of causing fatalities in a nontruck-
involved severe crash was estimated as 4.0. Equivalently, based
on the modeling results, the odds of causing fatalities in a truck-
involved severe crash was four times as high as the odds in a
nontruck-involved severe crash. The term “truck” refers to such
heavy vehicle types as single-unit large trucks, truck and trailers,
Fig. 2. Crash comparison by light conditionstractor-trailers, and large buses.
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As identified through the risk factor selection procedure, road-
condition variables such as road class, number of lanes, speed
limit, surface type, and road character had impact on the prob-
ability of involving fatalities when severe crashes occurred. Fig. 3
exhibits the distributions of both types of crashes on different
classes of roadways. Comparing to injury crashes, a much higher
percentage of fatal crashes occurred on the arterials other than
interstate highways or other freeways and expressways. A higher
proportion of fatal crashes were also observed on the low-class
roads such as collectors and local roads. In terms of road surface
type, 72% of the fatal crashes occurred on roadways with asphalt
pavement, while the corresponding percent on concrete roads was
about 50%. Fig. 4 illustrates the frequencies of both fatal and
injury crashes by road character. Unfavorable road characters in-
cluding straight on grade, curve and level, curve on grade, and
other unfavorable alignments contributed to 9% more 47% ver-
sus 38% fatal crashes than to injury crashes. This fact may indi-
cate that unfavorable alignments increased the involvement rate
of fatalities in severe crashes.
Statistical tests showed that the number-of-lanes variable and
the area-information variable interactively affected the probability
of having fatalities in severe crashes. The following equation is
the logistic regression model for the conditional probability of
having fatalities in a severe crash in terms of number of lanes and
area information:
logitCRASH _ SEVERITY
= FatalNO _ LANES, AREA _ INFO	
= 2.52 − 0.80 NO _ LANES-0.90 AREA _ INFO
where NO LANES=number of lanes; and AREA INFO=area
information.
The conditional probabilities calculated based on the regres-
sion model are listed in Table 6. Comparisons of these probabili-
Fig. 3. Crash comparison by road class
Fig. 4. Comparison of crash frequencies by road charactersTRANSPORTATION ENGINEERING © ASCE / OCTOBER 2009 / 699
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ties indicated that severe crashes in work zones on two-lane
highways, especially urban two-lane highways, were more likely
to involve fatalities than the crashes in the work zones at other
locations.
The researchers found that speed limit and area information
variables could interactively affect the conditional probability of
having fatalities in a severe crash. The logistic regression model
for the conditional probability in terms of speed limit and area
information was developed as following:
logitCRASH _ SEVERITY
= FatalSPEED _ LIMIT, AREA _ INFO	
= 3.23 − 1.15 SPEED _ LIMIT-1.63 AREA _ INFO
where AREA_INFO=area information.
Based on this model, the probabilities were estimated and
listed in Table 7. According to these probabilities, the likelihood
of causing fatalities when a severe crash occurred in urban high-
speed work zones speed limits 60 mph was much higher than
that in other work zones.
Driver Error
Crash variable screening showed that some driver errors includ-
ing disregarded traffic control, followed too closely, alcohol/drug
impairment, and too fast for conditions/speeding could have sig-
nificant impact on the probability of causing fatalities in severe
crashes. According to the developed logistic regression models
for the driver errors as listed in Table 8, the odds of causing
fatalities in a severe crash when the disregarded-traffic-control
error was present were almost three times as high as those in a
severe crash that did not involve this driver error. On the other
hand, the logistic regression model for following-too-closely
driver error showed that the odds of involving fatalities when this
Table 6. Conditional Probabilities of Involving Fatalities by Number of
Lanes and Area Information
Number of lanes both directions
Area information
Urban area Rural area
2 Lanes 0.50 0.29
4 Lanes 0.17 0.08
6 Lanes 0.04 0.02
8 Lanes 0.01 0.00
Table 7. Conditional Probabilities of Involving Fatalities by Speed Limit
and Area Information
Speed limit Urban area Rural area
61 mph 0.61 0.24
51–60 mph 0.33 0.09
41–50 mph 0.14 0.03
40 mph 0.05 0.01
Table 8. Logistic Regression Results for Common Driver Errors
Driver errors Logis
Disregarded traffic control DISTC logitCRASH
=−2.12+1.06
Followed too closely FOLCL logitCRASH
=−1.73–2.58700 / JOURNAL OF TRANSPORTATION ENGINEERING © ASCE / OCTOBE
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cases when the error was not present. This is consistent with the
consensus that high volumes when the following-too-closely
driver error typically occurs generally coincide with crashes of
lower severity. As regards the alcohol/drug-impairment and too-
fast-for-conditions/speeding driver errors, the logistic regression
analysis could not establish significant models for the probability
of having fatalities. However, the frequency analyses Table 2
showed that the former contributed to about 10% of both the fatal
and injury crashes and the latter contributed to 5% more 20%
versus 15% injury crashes than fatal crashes.
Conclusion
Work zone safety is affected by many risk factors and some of
them might have not been fully understood by traffic engineers.
Comprehensive knowledge of the risk factors discovered from
crash data therefore becomes critical for reducing risk levels and
preventing severe crashes in work zones. Focused on the fatal and
injury crashes in Kansas highway work zones, the researchers
identified the risk factors from a wide range of crash variables
using a variable screening procedure. This procedure ensured the
capture of significant risk factors while eliminating the unimpor-
tant ones by incorporating both statistical techniques and previous
research findings. The researchers thoroughly assessed the impact
of the risk factors on the probability of having fatality in severe
crashes based on the crash data in Kansas. The findings of this
study are valuable to traffic engineers for developing countermea-
sures in work zones that can alleviate the safety risk resulted by a
wide range of factors among which some could be overlooked
when designing and setting up work zones. In addition, the
knowledge is also beneficial for public education and information.
Concluded below are the significant findings of this study.
In terms of at-fault driver characteristics, both age and gender
had impact on the probability of causing fatalities when severe
crashes occurred. Being a male diver could almost double the
odds of having fatality in case of a severe crash. Severe Crashes
caused by senior drivers older than 64 during both afternoon
peak hours and nighttime 16:00–6:00 and by drivers aged be-
tween 35 and 44 during nighttime 20:00–6:00 were more likely
to involve fatalities. The findings indicate an immediate need for
public education programs orienting these high-risk driver
groups.
Light condition and vehicle type were significant risk factors
in work zones as well. The poor light condition i.e., dark without
streetlights contributed to a much higher proportion of fatal
crashes than injury crashes. Involvement of heavy trucks in a
severe crash increased the odds of causing fatalities by three
times. The researchers therefore recommend that traffic engineers
favorably weigh the needs of illumination and truck-oriented traf-
fic control mechanisms in dark work zones and work zones with
noteworthy truck traffic.
Regarding road condition, the study showed that being on
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“other principal arterials and minor arterials,” rural two-lane high-
ways, or urban highways with speed limits higher than 60 mph
could increase the likelihood of causing fatalities in a severe
crash. A severe crash occurring in work zones on highways with
unfavorable geometric alignment features had a higher probability
of involving fatalities as well. These facts indicate that there is
room for improving the effectiveness of the traffic controls cur-
rently used in the high-risk work zones mentioned above. Notice
that the findings indicated that severe crashes in work zones on
asphalt-paved highways had a higher likelihood of involving fa-
talities. This result needs to be interpreted with caution and may
require further exploration.
Some driver errors have clearly showed impact on crash se-
verity in work zones. The odds of having fatalities in a severe
crash contributed by disregarded traffic control tripled those for a
severe crash not contributed by this driver error. However, the
presence of followed-too-closely driver error actually decreased
the odds of fatalities in severe crashes. These results indicate that
there is a need to develop traffic control strategies that result in
better compliance rates.
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